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During the period covered by this report patients suffering from
the following named diseases have been admitted to the hospital and

various problems relatinzg to these diseases have been studied: Heart

Disease, Nephritis, Acute Rheumatic Fever, Chicken-pox, Acute Respi-
ratory Infections.
Hea ease. (Re of Dr. Cohn.)
Dr, Cohn, Dr, Stewart and Dr, Murrav.

With Dr. Murray, e study of muscle contraction has been begun.
It is the general object of this research to arrive at some description
of the behavior of muscle relative to certain changes in the 1life history
of this ‘tissue and to the nature of its environment under various cir-
cumstances. As criteria of behavior we count on its Teaction ixi“‘téfx'ﬁé‘f
61‘ 'grov}'th.:"bf ‘yate and of contré.ctile:powér. e methéd”of'ap'proé,;:hing
this pfohlém iﬁa given us much concérn for, 8o far a.shum.nphysiologiur
in especialiiéf ébnééméd, mascle may be reéardéd from twe aélh:ect’s“;‘}"?i‘:\ifst.‘
its relation to the process of ageing and senescence; and second its

relation to the processes of disease. It is increased information on

these matters in particular at which wé wish to arrive.  In the second

case there are included at least two phases; that invelved in hypertrophy
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of the fibre and that involved in increase of ita_length.

It seemed desirable to study first the relation to ageing.
For this purpose it is advantageous to confine the investigation especi-
ally at first to a single species, such as the fowl, since material is

readily available throughout embryonic as well as in post-embryonic life.

Ve were glod to make this choice not only on this account but because of

tho great experience with it which Dr. Carrel has accumalated and which

he has placed unreservedly at our disposal.

We have, in the first place, devoted considqrable time to
becoming familiar with our material. In choosing the direction of our
work we thought it important first to learn the influence of age on the
rate of growih of tissue. In o sense this is not unlike that aspect
of the subject which Dr. Carrel has developed in studying the inhibiting
influence on growth of plasma taken from fowl of increansing ages. In our
vrorlz, we are on the other hand, studying the rate of growth of which the
tissus is capable ot various life periods. With this, we hope to be able
to compare certain other properties of heart muscle, more directly con-
cerned with sentragtion,

‘Ta our early experiments we pianted the tissue in.hanging ‘drops
composed of ohicken plasma and of extract made of chicken emh*yos, eath
fragment being placed on mica covers closed in by separate hollow ground
glass cells., Later, so that we might assume a like influence of avnumbef
of variables, we planted a number of fragments (5 to 20) in the same medium
on large mica ooﬁera, supported on largs dishes (Uabritschewski). This
gave us the onportunity of avetraging the performance of a nmumber of frag-
-ments and of gtudying the dbviation of each from this average. Ve found
that, although this method lent itself to the construction of a cutve of

growth, the rate of growth decreaging with the age of the embryo, the de-
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viations of individusl experiments from the average were greater than we
supposed could be accountsad for by variantions in techuique Irom one to
another experiment.

The basis of the differences appears to lie in the nature of
the eggs wlth which we wsre supnlied. Ve hove accordingly soughtand ob-
tcined the cordial cooperation of lir. J. G. Webo, who has supplied us with
the eggs woe requirs. Tith this help we have succeeded in eliminating
certain errors. Ve now know exactly the histor; and zge of the hens, the
ezgs of which we exarine; we kmow the time at whicih the eggs are laid; we
roaccive the ezgs dally, within 24 2ours of the time they are laid. These
are the eggs we are now utilizing but they have not been available long
enough to permit us to ranort the resulis.

Directly conrectad with this study, we are estimating the
water content of the tissus throush embrysnic 1life. The embryos are
weighed before and after dirvinz. In measurements already made, it was
found, just as in the case of tissue growth, that a curve could be con-
structed showing o relation between age and growth of the embryc as a
whole. But here again it was thought desirable teo carry on the work with
more accurately lmown matarial. TFor this reason ths work was postponed
until now, when the eggs already referred to supplied by the Webd Farm
have become avaiia,bie;'

Ve hop‘e to »rela.;t'e these studies to the histoibgy of mmscle -

at different "é;ge's and also to certain other functions. We have theres .7

fore begun to study rhrshmic contraction. For this we have prepaira‘bions

of two sorts. In'the first 1t was our obiect to learn whether under the
‘conditions of tissue culture & preparation could be obtained to serve as
a reliable cox;trol. Fragments of tissue were taken from the hsarts of

embrros at various ages, and were planted in a medium consisting of chicken
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plosma and ombrvonic tissue extract. Ve hove so far not cxperinented
vith types of media, of irrigation, or of variations in oxgren tension
ror with the results of iransplaniing the tissue frequently to new media.
Ve do not mow how long tissus mayr live when these focters arc taken into
account. Fraguents of tissus huve Joen tx'en from the twe auricles and
from the ventricles, cspscicll;s the left oac. In thcse culturass, cer-
tain fragments, usually more than kalf irom cach cf thesz localities, con-
trocted; thay contract for pericds of iira ranging fron one teo fifteen
days. It is usual for them to contirue to 3o so for six to eight days;
it is wmusunl for them to do so for a less periosd. Usunliy the fragments
controct as soon as they are plauted; somstines thoyr 2o not begzin until
after a lapse of two to throe days. Often the rate slows after a fev
days, but later rises amain. Ve have roticed th~t the rate =t which
auricular tissue contracts is grsater than that talken from the ventricles.
There seems also to be a difference in the rate of contraction between
right and left auricles. We have done a few experiments to observe the
effect of alteration of temperature on rate and have seen that in these
frogments temperature e%erts an influenée on rate, an efiect frequently .
observed by cthers in other preparations.. 'We are, however, not yet able
to say whether in our preparations the rate increases with temperature , . .
according to the laws of a simple chemical reactioa. The differences in
behavior of auricles and ventricles, and the possible dirference noticed .
between the two auricles, suggest either that these differances indicate
differences in the structure of ﬁﬁe rmascle taken‘from various regioné of
the heart, or that the différencas observad depend on the presence of other
fgsues such as ganglion cells or nerve tissue incorporated in the muscular
structurs. These are mntters for futurs study. They recall those observa-

tions in embryrology bearing on the Yrwandering of ganglion cells into the
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heart muscle. Ag to the elfect of {he praceace of these cells on the func-
tion of the heart muscle o3 ajart fror o2 Jornmatisn of eleccerocardiograns,
little or nothing 3s knoim.

In zddition w2 leliev: i tu bo impeviait for uz Lo study the
rate of the whole heart in rue invac, 2mpwye wkiie this is s3ilL wadisturbed
in the egg or, at least, disturted aus litile as vossible. IZn1 this we age
employing the gelvonometri: methol cf reglstering the leart heds. Tae
method has been used before now, bri #t hi, bsea vsad te study shs form of
the electric carve which 1s obtained. Liwtle .:u;t' antion mzs btesn attached
to the question of rate. Bui it is this function of ke muscle which to
ws 13 lmportant in the atteupﬁ to estzbiish those relations to other func-
tions, such as metabolic rate, to which reference has alrecdy been rade in
discussing growth, age and tissus density.

The subjects which I have mentioned cover a wider field thén can
be investigated immediantely. T have described them so as to indicate the
point of view from which at the present time we are apvroaching this problem.
Having arrived at these géneral views and explored the possibilities afforded
to us by our mziterial, we intend first to make the medsuremenfs which we hope
will permit us to construct gfov:fh curves; next to learn the notural rate of
the heart d\irixig éniﬁrybnié life; and next to aséeréain' the faliditi of »fhbse
preliminary observations, nlrea.dy're‘fa’rred to, on rate exhibited by tissue

from various portions of the heart, and the influence of temperature ugon it.

With Doctor Stewart experiments are in progress on dogs with
tae view to producing valvular lesions in them so tant information on certain
circulatory problems commected with the velume and mimute outputs and with
the rate of f iaw, xﬁay be gained. Lesions of the valves in dogs that survive
Tave of course been made, notably with such pieces of apparatus as the valvu-

lotome, It was our intention to use this instrument, clthough the precise
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lesions to be obtained with it comld not be predicted. Mearwhile, during the
autumn (1922), a notice appeared in the Journal of the American Medical As-

sociation by Graham and Allen stating thaot they had made and used an apparatus

not unlike 2 cystoscope with which it is possible, when introduced into the
heart through one or the other auricle, to cut the valves and to see precisely
what ono is cutting. The instrument used by them was not available at the
time. Accordingly we set to work to devise one here and have now succeeded in
producing one which meets our requirements, giving a large field of vision in

the area of operation. So far Doctor Stewart has succeeded in operating

successfully on two dogs which have survived. The risks of the operation
arc great as Graham and Allen reported. We also found this to be true during
the tims when the intracardioscope wce being perfected. Since then. sudbse-
quent operations have shown that the dangers appenr not to ds unduly great.
The aseptic technique is, as is well known, difficult of attaimment because
of the prolonged and wide exposure of the pleural cavity in the approach to
the heart. The dogs so far operated on have survived 10 and 7 days. There
is reason to dslieve that we shall succeed in preparing the sort of deg re-
quired for ocur subsequent studies.

It is however not enough merely to produce a valvular defect in
order to bring about o state of chronic heart failure as other experimenters,

notably Cudhing. ‘have pointed out’, It is the usunl exporience. and it was

mine here, that’ ‘the degres of failure after injurinv the valve either 1: ox-

i
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treme resuiting pronptly in death or that heart failure fails entirely to ap-
pear. In view of the fact that this is still 1ikely to be our experience. we
mean to resort to the device of subjecting the animnls which survive the op-
erations to one of several procedures, notably to work on a treadmill. Snt
mearwhile we have studied the effect of another method. We plan, in addition

to producing valve lesions, to cause the rmscle of the dogk to degenerate.
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In rcbbits a veriety of agenis injure the heart muscle; hut there is as yet
little experience in this direction in dogs.

Yo have rcsorteé in the first instonce to the use of diphtheria
toxin, and have met wilh .esults we did not anticipate. A number of control
measurements were first obiained such as electrocardiograms, X-ray photo-
graphs and the body wsight. It vas found that if 0.0016 cc. per kilo of
body vreight of diphtheria toxin vas injected intravenously the dogs became
ill, failed to eat, lost weight and died. The duration of life after in-
jection vas from 34 to 7} days. During this time it was noticed that the
skin of the dogs became discolored, the urine took on a yellow-brovm color
due to bile, the red cells undervient changes so that in the smear they pre-
sented marked variation in shepe and sire. Very striking vas the reduction
in the gize of the hearts. This was determined from X-ray plates by measur-
ing the size of the hearts with the planimeter. In view of the fact that
after the injeoctions the animals failed to eat, it was thought necessary to
exclude the possibility that the reduction in size was due to starvation.
‘Tith this phenomenon we vere familiar from studies made in casea of diabetes
mellitus treated by the method of undernourishment., Ve starved dogs accord-
ingly for the same period of time (4 days) in ths course of which reduction
in size afier injection had been observed, and found that starvation of this
duration produced no-greater change in the size of the hearts than oould be
accouhted for by the inacecuracy of the method, which Dr.Levy pointed out.-:
The hea;té of the same dogs subsequently showed reduction in size when toxin
was injetted. Other dogs then received diphtheria toxin 0.001 cc.per kilo
and survived. These dogs failed to show those changes in the size of the
cardiac silhouette which have already been described in the case of the dogs
which died. e have in progress experiments designed to dstermins vhether

in dogs receiving doses of diphtheria toxin large enough to causs death,




the change in the henrt uream is due to a cleige in blood Yolume, to blcodl

destruction, or to chanze in the heart ruscle itself.

Autopsies were made of the dogs, the hearts and kidneys deing
taken for further studles. The hearts were dissected and weighed by
the method of !Miller with the modifications recommended by Wilson and
Herrmann. Ve thought it of walue to do this first to complete the
measurements bearing cn the reduction in the size of the hearts in com-
parison with the body weight and second to learn whether ths changes
found in certain of the electrocardiograms denoted an alteration in the
relative weights of the two ventricles. These studies as well as the
study of the microscopic anateny of the heart muscle and of the kidneys
are not yet complete.

In addition to these methods (valve injury and diphtheria in-
toxication) of bringing about changes in the heart anﬁ consequently in
the circulation, we design to excise portions of the kidney. In this
rhase of our study we think it pecessary to come to definite conclusions
on the relative value of various methodsof taking blood pressure in dogs
by indirect means.. After many experiments with varieties of-apparatus-
opplied both to the carctid artery, by the method of Van Leersun, and to
"‘the femoral artery, we have finally concluded to abandon the method. of, .. v
Van Leersum and' to adopt: the method. of indirect measurement of blood pres- |
sure in the femoral 'artefy.- - These methods have of course been compared
with the direct method. In taking the pressurs of the femoral artery we'"
find the method of Kolls the most sgtisfactory. The method is essentially
the method of Erlanger. There is added a record of the levels of the
mercury column and a modification of the device which magnifies the ex-
cursions of the vessel wall. It may be pointed cut that any method of tak-

ing blood pressure in dogs, requires careful interpretation because of the




fluctuations which are known to occur frow day to day.

Ve are accordinzly in thzs early stage of this study. What
has so far been accomplished 18 &n the direction of disposing of cer-
tain preliminary technical difficulties.

We have admitted patients to the hospital and have been in-
terested in studying tuem from two points of view. It was shown by
Cohn and Levy, that in dogs dosec of dlgitalis presumzd’ to bs com-
parable to doses used in the clinic, doses which in zny case do not
kill intact dogs, were nevertheless sufficient to increase the degres
of contraction of the ventricular muscle, when this is measursd by
the myocardiograph of Roy and Adami. To learn whether an effect on
the contraction of the ventricular muscle occurs also in man under
therapeutic conditions is a mntter of importance for its own sake, but
nore especlally since thé view is commonly held that this action does
not take place, that the use of digitalis in man is confined to its
effect on auriculo-veniricular cenduction, an effect which is seen in
the reduction of the ventricular rate in fibrillation of the auricles.
To test this matter of action on the muscle in man is difficult. We
repdrt now a plan wa'have‘adopted in order to test this possibility.

By r:eans of the X;ray the left border of the left ventricle can be pho-

- tographed. " If in a single record the excursion of this bordsr from’

the alastolic to the syst‘olic'position could be photogré.phed and méa- '
sured;'bGEhyiﬁtthe cbntfol pefiod and in the period when the heart is
under the influence of digitalis, a comparison between the two measure-
ments should indicate whether the drug has produced an effect. There
aye naturally precautions to be taken in estimating the value of such
measurements, for digitalis may have an influence on cardiac rate, and

alteratiens in rate ars ., as is well knovm, of importance in bringing

et fo i 55,




about changes in the volume ortput rer beat of the heart and conszquently

in the excursion of any given peint in the cardiac surface.

In attempting to make such measurcments we have followed the vplan
of Goett in constructing a moving X-ray camera (Fig. 1). Between the pa-
tient and the méving plate there is a lead screen. In this screen there
is cut a slit 1.0 cm. high and about 17 to 18 cm. wide. By this means
there is exposed to the moving plate only 1.0 cm. of the left border of
the left ventricle and 1.0 cm. of the right border of the right auricle.
Ve photograph only the shadovs which pass through the 1.0 cm. slot. The
exact poasition which is photographed in this monner is lmown by photo-~
graphing the whole chest at the same time in the usual way, (Fig.2), this .
Plate Deing placed betwean the individual and the lead screen. The Xeray
plate is drawn upward by a motor behind the slit. The excursions of
single portions of about 1.0 cm. of the two cardiac borders then appear
as saw-toothed or wavy lines (Fig.3), the outer points reprasenting the
position of the portion exposed in diastole; the base of the trough its
position in systole., The differsnce between these points is the measure
of the systolic excursion of this fraction of the heart's border. In
these curves can‘bevseen the rate of change of position both of the sys-
tolic and dinstolic processes at the point studied. We record both the
time and the phases of respiration by photographing the movements of le~
vers hung opposite the slot, between the X-ray tube and the lead screen.
The shadows of these levers appear in the form of comtiruous curves. We
are now making suceessful photographs by this method. We have &a# yet no
data to report dealihg with our problem.

A second study concerns the inadbility of digitalis in certain
cases of heart failure in which there is edema to r=lisve this condition.

These are cases in which the kldneys are active, for by means of diuretics,
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such as thaocin, marked increase in the ocutput of urine is obtzired,

though the effect is temporary; and in which the heart, or at least . o,
inhibitory apparatus is affected by digitalis action, as is evident by
the contimed effect of this drug on the rate of the ventricles when the

auricles aro fibrillating. The failure is apparently due to the absence

of muscular action of the druz. The group of patients which corresponds
to this description is large and the reoasons for the failure of digitalis

$o affect them is unknown. In this study we are attempting to understard

this group and to lsarn tha nature of the factors which are involved.

Ferhritis. (Including Report of Work Carried on in the Chemical Laboratory.)
!Rgpgz} of Dr, Van Slxtg.)
Dr. Van Slvke, Dr. Iundsepard. Dr. Linder, Dr, Salvesen, Dr, Hastings,

Ne and M Hi
Cyanosis.

A review and theoretical consideration of the causes of cyanosis
has been prepared for publication by Lundsgeard and Van Slyke. Inndsgasrd
had previously demonstrated that the factor responsible for the production
of cyanosis is the concentration of reduced hemoglobin in the capillary
blood, and our study resolved iteelf into an investigation of the quanti-
tative effects of the factors contributory thereto. The contributory
factcfs are (1) }; » the degree of oxygen unsaturation of the arterial. .
blood caming from aerated lung areas, {2) of , the proportion of bdlood
passing from the right heart to the left through unaerated channels, (3)

D , the oxygen consurption in the capillaries, (4) T, the total hemo-
globin content. In effectiveness in causing the presence o6f reduced
hemoglobin in the capillary blood, these four factors rankvin the order
named. For example an increase of 50 per cent of the distance between

normal and maximum in each factor increases the capillary reduced hero-




globin content from the normal, exprzssed in grems per 100 cc. of blrod,

Lo 9.3, 6.4, 4.5, and 2.8, respectively, 4 to 6 being the range av wh.c..

cyanosis usually becomes visible. The combinzd effect of the factors

was found to be expressibie by the equation

C = 1'1' + &> D

———

1 - &

There are various other factors which modify the coloratiean. Such are
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local skin vascularity, pigmentation, thickness of epidermis.
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The main clinical conditions in which cyanosis is a symptom

have been considered in connection with the causative and modifying fac-

tors present, and attempts have been made to estimate the functional and
anatomical significance of the cyanosis in certain of these conditions.
Mephritis.

In the nephritis work Linder and Iundsgaard have contimed

their studies of blcod protein and blood volume changes. They find in

rivis and neohrosis (terms used in the sense of Volhard

and Fahr) that the totai protein content of the plasma is usunlly reduced
below the normal; it varies from 3.5 to 5.5 grams per 100 cc.-compared

with the normai 6. to 7. In all-the cases of these two types studied o -
fall in the §%§%§%§h ratio below the normal occurred. Since albumin

is the protein chiefly excreted in the urine, the readiest explanation for
its relative (and usually absolute) deficit in the plasma is direct loss

by excretion. Whether this is the entire explanation is uncertain, how-
ever. The excretion of albumin and globumin in the urine of these patients
is being studied with the above point in view.

In cases of nephrosclerogsis and functional albumimiria the plasma

proteins were normal.
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The cause of the low concantration of proteins in the rlaima

content observed in many nephritics has been an object of speculatiown

it eeneat e, i ki s himm i 7 e -

since the tims of Bright. There were two possibilities: either tuere
vas 2 loss of protein from ths body, or the blood was diluted with re-
toined water (hydremic plethora). In order to obtain data that might
lead to a decision, dlood volus deteruinations, dy Keith, Rowntree,
and Geraghty's "Vital Red" method repeated at intervals over varying
periods ¢f time have bee¢n performed on patients with low plasma pro-
teins. In no instances, even when there was great edemn, has the blood

voluze been found abnormally high. Ve have thus far had no cases in

wnich a plethoric hydremia existod. The low protein content appears
duc entirely to a diminution in thoe total amount of plasma proteins in
the body. The latter, calculated from the oprotsin concentration and
the plasma voluze, have been found to be about 3.5 grams per kilo body
weight in normal subjects. In the nephritics with low plasma protein

concentration thas figure varied between 1.5 and 3.0 grams.

In some cases a rise towards normal of the ‘otal plasma pro-

teins was observed to accompany clinical imprevement. The increase in

plasma proteins did not occur until after edema had disappeared. It
_does not appear prodable :that the low plasma protein content 1s a factor
in the produ.ction oi edema.
Chemistry of the Bloed.

With Dr. Neill the details have been perfected for utilizing
tae "constont volume" blood gas apparatus for all blood gas analyses.
The gases arz extracted in the same manner used with the former "constant
pressurs" zpparatus. Ths measurement ol the gas, however, is based on
the principle of redvreirng it %o an arocitrarily chosen, convenient, defi-

nits volwue (5 cc., 2 ¢c., or 0.5 ce.), and measuring on a mercury mano-
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meter the pressurs which the gases oxert when comrxrecsed to that volume.
Ths amount of gas present is proportional to the pressure. In the forme.
apparatus the pressure of measurement was constant (at atmospheric), the
mass of gas being measured by the volume. In the present apparatus the
volumc is constant, the mass of gas being measured by the pressure. A
great gair in accuracr is obtained, because we can now choos2 conditions
of measurement such tnat the error in measuring the volume of gas shall
be no greater than the error in measuring the pressure, e.g. with the
volume of gas at 5 cc., ns in our most accurate COp determinations, and
the pressure to be measured at 300 to 300 rm. of mercury, both volume and
pressure can be measured to 1 part per 1000, and the sum of errors in

both measurements is only 2 parts per 1000. The manipulation of the ap- 5

parctus is so simple that this degree of accuracy is, in fact, attainsd‘ ’
in our routine determinations. Refinement to this point was forced upon
us in order to obtain data from which we could determine the effect of

oxygenation and reduction on the base binding power of hemoglobin.

As reported in October, we found that at pH 7.4 the sodium salt
of oxyhemoglobin binds 2.15, reduced hemoglobin 1.47 equivalents of Na per

molecule of hemoglobin, ‘the difference being 0.68 equivalents of alkall;

-4i.e. if reduced hemoglobin is oxygenated, its acidity is augmented so that’ -
it bindsQat the same pH 0.68 more equivalents of Na per molecule: Howeveﬁ};y;
we found that in blood the change from complete reduction to oxygenation
increased the alksli bound by proteins only by 0.56, instead of 0.68 equi~ |
valents per molecule of hemoglobin. This difference we were unable to
explain at the time.

Wa believe, however, that it is now completely explained. Hast«

ings, Neill, and Harrington have found that in hemolyzed blood the saue

A e e e S

effect of oxygenmation is odtained as in the solutions of pure sodium hemo-




globinate. The formerly sbearved difference deitween the solution and tne
blooi is tierafore attributedle to the conlincasut of the hemoglcbin in
the cells of the blood.

Ven Slyke, Vu, and ilcLean in Pexing (ir work reported below)
showad “nxt when the serua pid of blood 1s 7.4C ths cell pi is only 7.28.
Aad at 7.25 the oxygemition of pire solium hemoglobincte increases the
Ual™d by only 0.62 instezd of $.52 equivalents. This accounted for half
the observed difference betwsen whole blood ard pure solutions. The other
h2lf was due o soms other factors, and of knovm differences between cell
contonts and ilaHb solutions the most striking is the fact that all the
alkali in tha cells is K rather than Na (in hemolyzed blood the alimli.
is 2/3 "a). Ve accordingly determined the effect of oxygenation in so-

lutions of potassium hemoglobinate and found the same value as in blood,

when the pH differance between cells and serum is included in the calculg-
tion. The effect of oxygenation and reduction on the acid-base balance of

the blocd is one rove phrsiolozicnl pnenomenon which has becoms explain-

ablé on a physicochemical basisa.

The work doune in Peking was a development of the work on the
physical chiamistry of the bloodl on which this laboratory is engaged. It
has been known *hat at normal pH the chloride and bicarbonate in the cells -
are only about haif as concentrated as in the serum although both C1° and
‘HCOz pass readily through the cell walls. On the other hand the hydrogen
'ion concentration is greater in the cells than in the serum although the

cell membranas appear peimeabdble to H* ionms. By some mechanism it was

known that the Cl and HOO; distribation is so regulated that it enables the

indiffvsible cell buffers (hemoglbbin) to act through the cell wall and as~
sist in maintaining the neutrality of the serum with nearly the same degree

of efficiency that the hemoglobia would exert were it directly dissolved in
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the serwi, Ve had no explonations, other thon vitalistic ones, for these
pacnomena, nor for the fact that use of €O, tensions caused the cells to take
water from the serum. The discovery of the magnitude of the cmounts of al-
kali with winich hemoglobin combinss, and the sreat effect of changing pH on
the alkali combdined, indicnted the manmer in which a cormon explanation could
be found for the above phenomenn, on the basis of the known laws of solutions.
The solution was obtained by combining the three physicochemical laws which
govern the distribution of electrolytes betweesn solutions at osmotic equili-
triuam on two sildes of a membrane, walch i3 perrmeable for only part of the
ions present. These laws rmny be expressed, for the conditions found in the
tloci, as follows.

. For eleztrical noutrnlitv cations and anions rmst be equal at re-
actions as near the neutral point as tne dlood I* and TH” ions ars negli-
gible, and the basec 15 coumbdined nortly with monovalent anions (C1° and HCO& ),
partly with protein. Represanting the coneantratiorn of total cell base
as Bﬂ o that of th: wcnovalent anions as il} c» that of the negatively
ionized protein,or protzin coubined with alkali, as [ch , and similar values
in the serw as [ijs » 4] g1 anc E?j 4» we have, assuming complete electro-
lytic dissociation,

| [34.70 = ] c +* [P",'

- c

Bl =0, + [7

II. According %o Doupan's law, when electrolyte solutions are séparated
by a membrane permeavla for only part of the ions, the monovalent permeable
ions so distrihuze thémselves that the ration of the conceniration of any anion
in the cell to the concentration of the same anion in the serum is the same as
that of any oﬁher anicn, and the raclprocal of that of any caticn. For the
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permeable ions in blood therefore, we have the following distribution

i ~61°
Hle 10 e M0 o AT o -

P . - -
(BT, °1 ¢ E{co:,)1 . /‘H .

the letter r beinz used to indicate the common ratio.

II11. Tor ogmotic equaljtv between cell contents and serum the cone

centrations of osmotically active lons and molecules in each must approxi-

mate quality. We found that the ynit of osmotic coneentration is not

. d _subst
the ratio” $sealved substogce ., dianglysd substence g0 that [O1]

repregsents the equivalents of chloride zer kilo of water in the cells,

not the chloride per liter of cells. The total concentration of the
osmotically active substances in the serum way de represented as 2 L‘_BA:E
+ [BPE'B. since the salts represented by Ba, are dissociated into two
osmotically active ions B* and A" , while the protein salt [BP] ais-
soclates into ions of which only one K_B""' » has important osmotic acti-
vity, LP [ baving so Iittls that it may be neglected. In the case of the
cell contents we must add to the dsmotic activity of the electrolytes that »
of the hemogiobin, which is About 1/10 of the tbhal, Therefore. if the
bnmauc concentrations ih tells ana s&rum ara even we hava
2 '[l?l‘t)s‘v + fBP}B -‘ I}Jt_;o +.[_BPB° + [ub‘[c o "_v
The accuracy of this equa,tiim.w‘as deaixonsf_.re;ted by analyses of cells and
~serum. ' ‘ _
By combining the above equations we obtain finally ons 1-n'hich
‘ expresses % elationsnin between the -Iadt lvyte distributi -and 2

a i d b the blegd »roteins, vis.
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This equation was tested quantitatively by analysis of the serum
and cells of bdlood after 1%t had been subjected to vnrying Coz’tensions, It
' +
was found to agree nearly within the limit of experimental error in H ,

Cl. ’ and HCO; ratios.

RO S T A R A e e e

The water distribution was calculated as folluws: the equation

cf osmotically active substznces may be written cos

o3 e
LT e sl

2i3 - iBP::s = 2 [_B[c = (_BPJ'C + belc

or if we use (B)8 to irdicate the serum base, (B)C the cell base, etc.,

per.Xilo of blood, we mayr wiite it as

2 (3);- @), =2 (), - () + (1)

c , or

0] T
(ABJ)S (&20)0

(H0)g 2 (B), . (3P)_

'(Hzo)c 2(3), - (8B), + (@)

The dis£ribution of water between serum and cells was found within the .
Mmits of analytical error to be related to the amount of base bound by .
ths cell proteins in the manner indicated by the last of the abofe equa~
tions. |

It appears probable that the Jaws governing the distribution of
salts and water between intracellular and extracellular fluids in the blood
also govern the distribution in other parts of the bodyr, betwsen tissue

cells and exudate, for exa:rila. The study is being extended in this direc-
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tion, anl it is hoped that it mry assist in explaining the physicochemical

disturbances that underlie such conditions as edemna.

Lcute Nespiratory Diseases.

Drs. Cole, Averv, Morgan, Dahl ond Stillman.

The admission of patients hos not been cenfined to those suffer-
ing from lobar pneumonia but potiesnts sufferirg from various types of the
milder asuts respiratory infections hove also teern admitted for study.
Through a combination of the clinical study of these patisuts and mors in-
tensive laboratory investigations an attempt is deing made to differentiats
more clearly the variocus types of infec£ion of the respiratory tract and to
learn more concerning the nature of the infective agents concerned in the
primary locus of infection and the mode of invaniocn of ths lungs. Further
analysis is being rade of the phenomena of Infection with pneumococei and
the process of recovary.

Dacterig)l Incitant of Acute Upwer Respiratory Tract Infection.

Dr, Morzan and Dr. Averv,

Studies directed toward the isolation of 5. pneumosintes or other
bacteria of "this type from the nasal secretions have been continued. The
technic followed in thls study has been essentlally that descridved by Ol-
itskd and Gates in their investigations on the bacteriology of epldemic -
influenza. In all 54 speocimens of naso pharyngeal secretions from 45
individuals have heen examined by cultural and animal procedures. In 17
instances the washings came from the nose and throat of patients in whom
ths diagnosis ¢f clinical influenza seemed ceriain or highly probabdile.
The naso pharyngéal'washings from 16 individuals suffering from acute co-
Tyza, sinuéitis or bronchitis were similarly studied and of the remaining
individuals investigated 5 were suffering from lobar pneumonia and 7 wers

fres from respiratory infeciion,
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From none of these 45 individuals has D. pneumosinues beern re-

covered. On the other hand, during the stuwdy of thess 54 specimens of

filtered naso pharyngeal secretions, 23 strains of small Gram negative,

anaerobic bacilli have been isolated. From one case of probable inflwenza

an identical organism was isolated on four successive examinations at
weekly intervals. All strains recovered thus far apparently belong to
a heterogenous group of organisms which are closely allisd to B. pnewac~
sintes but are serologically distinct.

Of the 23 strains of these pneunosirtes-like organisms, 13 were
obtained from ;;;A17 cases of supposed influenza; 6 strains from the 1€
pationts with "colds", (coryza simisitis, etc.) ani 4 strains from the 7
normal individuals; from the filtared spatun and naso pharyungeal washings
from 5 patients with lobar pneumonia no organisms of this type were isc-
lated.

At present the significance of these organisms in the causation
of mild infeations of the upper respiratory tract must be regarded as un-

certain. Their relation to each other and to B. pneumecsintes is not

clear. ZExperiments to determine their anitigenic relationships are being

carried out. Serological investigntions are éxceédingly Aifficult within

'this group because of .the tendency of thess bacteria to agglutihate SponN<

tanecusly in normal serum and in sal: mixtures.

Chemical Na and I ological Proverties of Snecific Substances o
0 us Origin.
Dy, Avery and Dr, Heidelberger. .

In 1917 Dr. Dochez and Dr. Avery showed that whenever pneumo-

cocei are grown in fluid media, there is present in the culture fluid, even

during the early hours of growth, a sudstance which reacts specificallyr with

antipneumococcus seru of the homologous type. This (selunla) substanca
.5 £
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is demonstrnbla in culture filtrates duriax the inltial grovth
phase of the organisus, that ie, during th> period of their maximum
rate of multiplication when 1little or no cell death and disintegra-
tion is occurring. The formation of this soluble specific material
by pneumeococci on growth in vitro, sugzested $he provabdbility of
an analogous substonce beirg fermed on growth of the organism in

the animal body. Zxanination of the blood =nd urine of experi-~

mentally infected animals gave prool of the presence of this sub-
stance in considerable quantities in the bedy fluids, following
intraperitoneal infection with pneumococcus. In other vords, this
soluble material elaborated at the focus of the disease raadily
diffuses throughout the body, is taken up in the dlood, passas the
kidney and appears in the urine unchanged in specificitr. Simi-

larly a study of the serum of patients suffering from lobar pneu-

monia has revealed a substance of like nature in the circulating
blood during the courss of the disease in man. Furthermore, exami-
nation of the urine of patients having pneumonia due %¢ pneumococcus
types I, II and III has shown that in approximately two thirds of
the cases, this specifically reacting bedy is excreted in'the urine
ir quantities readily demonstrable by precipitin tests, and it has .
also been found that the ambunt Gf precipitable substance in the
urine gs8ams to bae a measure of the severity of the infection

In the earlier studies by Dochez and Avery certels focts
were ascertained concerning the chemical characteristics of this
substance. It was found tha% the specific substance is not destrorad
by bo;ling; that {t is readily soluble in water, and precipitabls in

aceto¥s, aleohol and ether; that it 4s preciritated by colloidal irorn

and does not dialyze through parchment; that the serolorical reacticus
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of the substance are not affected by proteolytic digestion by trypsin.
Since this substance is easily soluble, thermostable and type specific
it secered an ideal basis for the Yeginninz of a study of the relation
between bacterial specificity and chemical constitution. The present
report deals with the work done in this direction.

As the rost abundant sources of the soluble specific substance
appeared to be an 8 day old, autolyzed droth culture, this material
has been used for riost of the work. The organisrﬁ used was the Type II
pneunococcus. It was found that when the broth was concentrated on
the wuter bath to one tenth of its volure and then treated with alco-
hol or acetone, a separation into two layers occurred. oy addition
of the precipitating agent until the upper layer no longer gave a tur-
bidity with imcune serum, the specific soluble substance could be con-
centrated in the lower layer, leaving in the upper layer a large pro-
portion of the coloring matter, peptones, and other impurities, der:ved
from the broth. In this way the active material from 75 to 100 liters
of broth culture couid be concentrated into a veiuma of about 1.5 liters.
Further purification consisted in dilution and repeated precipitation
with acetone or alcohol, first from the neutral solution, and finally
after acidification with acetic acid. Careful fractional precipitation
in the later stages resulted in the removal of inactive fractions, as
it was a simple matter to redissolve a portion of each precipitate and
test with fmmune serum. In this way it was possible in several instances,
without the use of other reagents, to isolate small amounts of higﬁly
reactivas material which no longer gave the biuret reaction and no longer
precipitated phosphotungstic acid, one of the best precipitants for
nltrogenocus compounds. Under the most favorable conditions the yield

was 10 milligrams of dried active substance per liter of broth used.




In other cases, however, in order to obtain products of the same degree
of prrity it was found recessary to precipitate the nitrogenous impuci-
ties first with phosphotungstic acid, mercuric choleride, or neutral
lead acctate, or to leave them behind by procipitating the soluble sub-
stanco (and other zurs) by saturation with armoniun sulfate.

The best produci. »btainzd in this way caused a precipitate
to form in the humologuus irzune serus when the dried substance in a
solution of as great as 1 part to 2,500,000 was added to the serum.
On the othnsr hand, no trace of clouding occurred when the substance,
even in high concentration, was added to the hoterologous serum. This
conocentrataed and purified substance taarefore is exquisitoly type spec-
ific. The further siudy of this purified substance showed it to be freec
from substances giving the biurst renction, it rotated the plane of
polarized light about 31° to the right, gavo the llolisch test for car-
bohydrates in the highest dilution at which specific precipitation oc-
curred, (a point near the limit of dnlicacy Jor the Molisch reaction,)
and ylelded reducing sugars on hydroiysls with acid. The findings

are summarized in the accompanying ‘able:




Table I.
Sumxary of the Properties of Varioue Preparations of the Solubls

Specific Substante of Pneumccoccus Type II.

|
l Hydrolysis ]
|
‘I il;otal N : S P |Spec- Pptn.with Mclisch
e ) 2 fEs Red'g , ific Irmune reaction
i 4 4 sugars. | 0/0 o/o |Rotation | serum

o/o [°(] b

6.1 |3.5 1.3 Too dark 80,000 ——
4.7 63.0 1.0 |[.20.6° 640,000 | 320,077
2.9 +19.8° [1,250,000 | 640,600
6.6 11.8 -8.6° 640,000 | ~~—=w-
2.1 (0.9 1.3 +31.6° |2,500,000 | 1,250,000
2.0 49.0 0.9 |430.8° {2,500,000 | 1,250,000

1 From urine.
1} Prepn. 4 repurified.
MFrom dissolved pneumococei.




Prepavation 4 A was obtained frca ti» urine of a case of Typa II pneunoria
while Preparation 8 was derived fiom wa.uhéd. Type II pneuwmocousi whorl. hud
been dissclved in antiformin. T4 also yleli.d reducing substances cu
hydrolysis.

Since the specific acluble swtstoiws of the Type II pneumococcus
appears, in its present stata of purity, to consist largsly of a nolysac-
charide, 1t was of intevest tc dute.minc, 3f rossibls, the sugar from
which the complex molecul2 is built up. Zzcerdingly “00 mg. of Prepara-
tion 15 wsre aydrolyzed by heatirg 7 hsurs on the water bath in 0.5 ¥
hydrochloride acid. Although ths actiira maierial was uwisliared oy tle
acid at room temperature for 36 hours, kaating oo the watsr lath re-
sulted in the disappearance of the specific recaction with irmune serum,
and the appearance of reducing sugars. The bydrolyzed sclution was
treated in the cold with phenylhydrazine and sodium acetate, and as no
hydrazone separated, was then hiated on the water bath. In a very shors
tima a crystalline osazone separated. Althougk the amount was very small,
it was possible to recrystallize the osazone. Its melting point was then
190°, showing that it was the osazone of a hexose. When dissolved in
pyridine and alcohol it rotated the plane of polarized Light to the left,

a phenomenon characteristic of the osazone of glucose. Unfortunately the
anount of substancs was too small to perwit the quantitative estimation

of the optical activity, and conclusive proof that glucose is the sugar

from which the polysaccharide is duilt up tmust awalt the purification of =more
material, which is now under way.

It will also be attempted to carry the purification of the solubie
substanca still furthsr, in order %o establish with certaintr whether the
carbohydrate reactions are dus to the soluble substance itself, as now secms

highly probable, or are simply due to an admixed impurity.
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Studies have also been undertaken to iea.rn more concerning the
cherzical and immmnological properties of the protein constitutents of the
pneumococcus cells. To obtain the bacterial protein as free as possible
from *he other constitutents of the cell, including the type specific
non- protein soluble substance, the following method has been employed.
From bouillon cultures of actively growing pneumococci, the
cells are removed by centrifugation and resuspended in 1/10 volume of
salt solution. Solution of bacterial bodies is immediately effected by
the addition of the minimum lytic amount of bile and autolysis reduced by
carrying out the reaction in the cold. From the clear, slightly alkaline
solution, frecd fram cell detritus by filtration or centrifugation the
protcein is pracipitated by dilute acetic acid, the white floculent pre-
cipitate is washed with distilled water several times, redissolved in
weak alkaline solution and again precipitated by acid. The process is
ropeated several times to rid the protein of the soluble substance al-
ready referred to, and the final precipitate rapidly washed with acetons
and then dry ether and dried in vacuo. The prodiact thus obtained in a
form of a white powder, is readily soluble in dilute alkall and gives
qualitatively all the‘provtein reactions: Biuret, Millon,.phwphorus, eto.
The quantitative @lysis of this substanéa is being undertaken as rapidly
as sufficient purified mat;rial is ava.ile.blé. The immunological QW of
this substance, whlle’ it is nof. yevt cowpicte, has ylelded most intoresting
resuits. It ha.é ’bee‘n found that when a solutien 6f this sﬁb;taﬁce i; added
to anti-pneumococcus immune serum precipitation occurs. No precipitation
occurs with anti-serun ﬁrodﬁced by immnization with bacteria other than )
pncumococcus. It is, therefore, a specific pneumococcus substance. The
remarkable fact, however, has now developed that this precipitation occurs
no matter which type of anti-pneumococous serun is ermployed. It is there-

fore, althouzh species specific, apparently not type spacific. Tmmuniru-




tion of animals with this pnecumococcus protein substance is now urder wcy
but conclusive resulis have not deen obtained.

Tuese studies have resulted in observations vhich indicate that
irrunity to pnewsococcus is related to two entirely distinct bacterial
substances. One of them is a protein, immunity to which is very specific
as regards pneumococcus but is entirely non-specific as regards type. The
sccond substonce is non-protain in nature, in its prasent state of puri-
fication posscsses the propertics of a carbohydrate, and is to & very
high dogree type specific. This second substance when injected alone is
apparently non-antigenic. These facts have sursested entirely new con-
ceptions concerning pneumococcus immunity which may explain a rumber of
obscure facts, includihg the changes of specificity of pnewiococcus wita
chanzes of virulerce. The further study of this problem is now in pro-
gress.

ILungs as Portals of Pntry for Dacterlia in Infection in Mice.

Dr. Ernest Stillman.

In the previous report it was stated that when mice are ox-

posed to an atmosphere contalning cultures of bacteria in the form of a
fins mist, the bacteria readily penatrafes into the lower respiratory

tract. Pneumococei which have reached the lungs as a result of this pro-

codure usually disappear within a few hours and give rise to no infection.’

Attempts to cause infection to occur nore frequently by means such as

chilling and exposure to cold were without result. It was then attemptad

to lower local resistance by induecing slight injuries te the mocous memdTane
by inhaling ether, alcohol, and atmospheres containing finely divided gainria
sand or talc in the form of dust. The procedure, hovever, did not increzse

the frequency of infection., It was found that mice could bé¢ easily intoxi-

cated hy breathing an atmosphere containing alcohol and that, if the mice,

P
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wnile under the influence of w«lcuhol, were allowed to inhale an atmosphe-e

cont2ining pnsumococci in suspension thero was a marked rise in the inciasnce
of vucunococcus septicemia. As the direct innalation of an alcoholic at-
mosphere might alter the respiratory rmcosa and this might explain the in-
crcased froquency of infection, mice wer:z intoxicated by injecting a 105
alconolic solution intraperitonsally. Vhen mice were intoxicated by this
means and werc then exposed to an atmosphere contalning pneumococei in sus-
pension there was o definite incrcase in th2 incidence of fatal serticenin,
but not as great an increase as in the series of mice wnich had inhalecd
alcohol. In other experiments mice were first intoxicated by an injection
of alcohol intrupcritoneally; they were thon exposed to an atmosphcere con-
toining D. influonzze in suspension, and then they were allowed tc irhale
air containing pneumococcus culture in the form of spray. In these mice
tho incidenco ol pnoumococcus infection was almost as hizh as in the mice
intoxicated o inhalation of alcohc} 2nd thon exposed to the alr containing
pneumococci. A studyr of tﬁe histological changes which occur in the lunge
following tha inhalation of an atmosphere containing influenze bdacilli and
preunococei has alse besn undertalken. Apparently definite pathological

changes in the lungs occur as a result of the inhalation of 3. influenzae.

ng in Torune Serum and

by Growing in ledia Contajninz Bile.

Dr. Dahl.

It was previously demonstrated by Miss Stryker worikdng in this
labé;atory that when pneumbcocci are cultivated repeatedly in media contain-
inz homologous imrmne serum the bacteria decrease markédly in virulence and
they also become mnmuch less sepcific in their immmity reactions. Dre Averr-

has also shown that when pnewmococci are grown in media coniaining minuts

areuts of bile the bacteria becores resistant to the dbile, and by gradu~'.r




wrercasing thae amount of bils crnizinnd “n +the redia ths bacteria may %o
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was also found to Yo markedly diminished. Hecorliy Josnioka working with
teuleld has shoewm that a similar modificztion con be brought avout by growv-
irg pnsumococci &t an increased tompoeratarc. It has furthormore beon claimsd
by this observer and also by otaers that tho imrmunity response in animals
iollowing the injection of thess modificd bacteria differs from that fol-
lowing tho injection of virulent pneumooocéi. /. striy has bean undertarin
for the purpose of extending those observetions znd if possidle of exvinin-
inz the rasults oblainad. The observations of lMies Stryker have been conw
firmod, and by growth in irmne seruz, cult:ros of pneumococci have .o baer
obtained which possess almost no virulernce Zor micoe and whizh showr livcle
type specificity.

dy repeatad cultivation in media cen*aining blle culivres of
prouzocceci have also Deen odtained which nTy grow raadily in 9075 bile.
These cultures have also practicallr lost their virulence and %:pz speci~
Jicity.

Animals are now peing inrnnized to fheéa modified cultures éndv
studies are being madé of‘tﬁe propaftiés of thaigéfmn. Tﬁe-resuits of‘tﬂééé

studies are not yet conclusive.

Agute Fhoumatic Fever. (Report of Dr. Swift.)
Dy % Boot Dr. Miller.

The types of rheumatic fever studied Juring the past six months
have been mostly of ths subezcute and chronic formas; and practically 2ll
of the patients have suffered from carditis. As mentioned in previcus re-
ports the chronic fom of the disease seems t0 be demanding more and rore

¢l our attention,
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Interesting clinical mamifestations, not previously encountered

by us, have been skin rashes. Four patients with skin lesions, commonly
classified under the tewrm, Erythama multiforme, have' been ssen recently.
In two instances, these rashos have almost constantly been observed for
two or threo months; this wo comsider another indication of the per~
sistence of the infection. In another patient the relapses have been
accompanied by recurrences of the erythema. Three or four patients have
had mmerous subcutansous nodules which have furnished us material for
histopathological studies as well as for inoculation. Ve ars now ro-
moving sumall pieces of the joint capsule and periarticular tissus for
histopathological study. We have also writsen to various pathologisats
in Pnglond and in this country requesting material from fatal cases of
rheumatic fever and chorea.

As for as I know, there is no comprehensive study of the pa-
thology of rheumatic fever. The hiaéopathology of the myecarditis is
well known. The pathelogy of the lubouta.mmxé nodules is fairly well
studied; that of the Jelnta dm-xng a.cut.e a.uhrius and of the brain in
chorea pa.tients is meagerly doscribad !f, as we believe, all of these
lesions are due to a coxnnon etiologic ageni. there munt be aome correla-v‘
tien bebreen the tisme reaponses ix the various organs. We feol that :
already a more or less wu.fom type of reeponuo has teen datected It
18 prohabh thab tha animslizing of the rheumatic fever vim can cnly
be d.etemined by matopathologieal stud.iel. |

O'bsemtiona on relation fo Ieukoeytosis to the a.ctivity of
infection in these patients have Yeen contimied. The group of :;herumatic
fever patients seen in the winter of 1921.1922 has been followed this
winter. Last year ths patients wo;re :uffering fram active infection;

this year they were nearly all appareiitly well, Our fesults indicate
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that when the white blood count remains consistently below 8,000 the
prognesis is tmch more favorable than when it is above this figure.
The leukocyte curve is, therefore, a valuable aid in prognosis: in the
acute infection if leukocytosis persists while the patient is under the
influence of anti-rheumatic drugs it serves as an indication for the
contimiation of these remedies even though the patient is free fram
symptoms; and in the sub-acute and chronic forms of the disease a per-
sistent leukocytosis serves as an indication for continued rest, and
supportive treatment. Ve feel that the results of our investigations
along this line will be helpful to practitioners in treating rheumatic
fover patients. ¢

The clinical study of meocinchophen {or tolysin) bas been
contimed. There is no doubt that this drug is a valuable addition to
our therapeutic armamentarium, because in most instances marked anti-
pyretic and anti-arthritic effects can be odtained with doses that are
practically nun-toxic. The recent amocuncement of Barbour and Lozensky
that enormous doses of tolysin could be given to dogs and other labora-
tory animals without producing toxic symptoms may lead practitioners to
administer too large amounts to patients; We have occasionally observed
distinet evidence of renal irritation in patients; so the same care must
‘be observed with the use of this drug as with the ‘older and cheaper
galicylates.

Dr. Boots and I have completed a series of experiments upon
the subject of joint sensitizatien. Herry and Faber have previously
claimed that the joints of animals may be rendered more sensitive to
invasion of bacteria fream the bdlood stream if the joints are previocusly
injected with small amounts of killed streptococci or with extracts

Prepared from these microorganisms. The recent work of Desredka and of
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Gay indicates that immunization of tissues moy result from local treatment
with small amounts of vaccine. This is the opposite of Harry's and
Faber's point of view. Our work has failed to demonstrate any hyper~
sensl tiveness of joints injected with either vaccine or bacterial ex-
tracts. Joints so treated were about as liable to involvement as the other
Joints of the same animel following the intravenous inoculation of these
animals with living stre;.nococci.

Mrs., lancefield and I have been trying to determine the presence
of immune bodies against non-hemolytic streptococci in the blood of rheu-
matic fever patients and comparing them with similar reaction in patients
suffering from streptococcus viridans endocarditis. This work is still
in the preliminary stage as the methods previously developed do not seem
to be sensitive enousgh to detect low concentrations of lmmune bodies, such
as possibly exist in patients with the first-named disease. Ve are also
trying to develop methods for the demonstration of antigenic substances
in exudates. If such antigenic substances could be demenstrated in the
arthritic fluid and pleural exudates, we would have a substance with which '
to test for immmne bodies in the serum of patients with more doubtful
conditions, and to demonstrate the unity or _plurality of the rhesumatic
infection.

Dr. Miller and I are conmtimuing our ;rfores _to'ammnzé the
virus of rheumatic fever. As sources of virus we have used (1) the heart
valves from s fatal case; (2) the subcutaneous nodules excised from a
patient with arthritis, chorea and extensive subecutanecus nodules; (3) the
Joint fluid obtained from the knees of patients during the early stages
of the disease. Rabbits have been the test animals. First the eyes were
used; but it has been impossidble consisiently to obtain lesions differing

very markedly from those incited in controls.




Recently, attempts have been made to carry the infectionm through
successive ineculations of rabbits! testicles. In several instances diffuse
testicular lesions have been induced in series of rabbits with material far
enouph removed from the original human source to insure us that tissue from
a heterologous species was not responsidle for the injury.

An axtensive series of controls is now beinsz cbservsd, paralleling
those inoculated with rhewantic material. While it is too early to report
any conclusive results, we can state that in several instances we have ob-
tained microscopic lesions much more severe in the "rheumatic series”

than in the controls.

Chicken-pox. (Report of Dr. Rivers.)
Dr vers Dr, Tillety:

In undertaking a study of the contagious diseases occurring in
children, varicella was chosen as the one with which to begin for the fol-
lowing reasons: |

1. If produced in animals, there would be a more or less character-
istic lesion to identify it.

2. There are at least three other diseapses, vaccinia, variola and
alastrim, with which it can be cotpared.

3. Relatively little a.tteatlon has previcusly been given to the
disease.

4. There is at presenﬁ a g:x‘éa;t deal of interest in o1l diseases that
produce vesicles in the skin., .

5. In spite of ite mildness this dibeawe may hold 'the key to the
und.erstanding of more serious diueases.

The report will be made under three heads:
A, Study of vaccinie in rabbits.
3. Clinical study of cases of varicella in the hospital.
€. Results of atterpts to produce varicella in animals.

A. Study of Vacelnh in Rabbits.

The study of vaccinh was undertaken In order to learn the proper
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methods of handling a virus which .. the one causing varicella

might be expected to resemble. It was attempted to answer the following
questions: 1l.- Can vaccine virus injected intravenously be made to lo-
calize in the skin by shaving and irritation? Calmette and Guerin
claimed it could be done. Ve have confirmed their observations. 2.- Does
vaccine virus get into the blood when an animal is vaccinated on the skin
and, if it dees, can it be recovered from the bloed in demonstrable am-
ounts? OChtawara says the virus gsts into tﬁe blood and that he was able
to recover it by putting the dlood of a vaccinated rabbit into the testi-
cles of a normal rabbit and after four to six days removing the testicles,
grinding them up and testing for the virus on the skin of a normal rabbit.
Ve have confirzed and extended this work. 3.- Uhat is the appearance

of the cell inclusions in wvaccinmia? PRabbits! eres were inoculated with
vaccine virus and removed at different times, ranginz from seventeen aours
to fourteen days. Variocus fixatives and staining metheds have been em-
ployed, including vital dyes. Ve are now familiear with what have been
called inclusions or vaccine bodies. It seems from our observations that
there are several classes of inclusions arising in different ways and that
the inclusions seen under certain corlditidns of fixation and sta.i.niung 'é,re
not always the éams.aa those u@en after other fixatlivea and stains have
been used or the same éﬁ those seen in fresh mséétﬁed ¢ells, or in fresh
cells stained with vital dyes. Cenclusions f¥ém studias employing vital
dyes in fresh normal tissues camnot be appi“d. to pathological conditions,
such as the vaccinated cornea. Under these circumstances diseased or dead
cells are present even in the freshest specimens collected under the best
conditions. For instance, mitochondria in normal cells do not stain with
brilliant cresyl blue (in proper dilution) but do stain as soon as the

cell dies. This dye also reacts differently to fat droplets and vacuoles,
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depending upon whether the cells are dead or alive Such differences

also occur when Nile blue sulphaté is wgal. (See Lewis! article in

Am. Jour. Anat.) Mitochondria, apparently undergo marked changes in

the cells of a vaccinated cornea. They become swollen, vesiculated and

clumped in various parts of the cell, especially around the rucleus or

around certain inclusions. This has been demonstrated with brilliant
cresyl blue and jarus green in fresh specimens and with anilin fuchsin
and methyl green after proper fixation.

. Clinical Study of Cases of Varicellas in the Hospjtzl.

Twenty-seven patients with varicella have been adnitted since
the ward was opened. No instance of herpes zoster and varicella oc-
curring in the same family at or about the same time has been noted.
The clinical studies can be discussed under the following headings.

1. The blood picture.

2. Effect of trauma or hyperemia on the localization of the erupt-
ions in the skin.

3. Allergy.
4. The skin lesions.
1.~ Ike blood picture was follewed in twenty-two cases and the
findings are summarized as follows:
a. Leukopenia (velow 7,000) occurred in four cases.
b, _Whiﬁe blood ce11§ were normal (7,000 to 9;000) in seven cases.A .
c. A 1eu.kocytoéisv (#I;Ové ’9,000) occurred in eleven cases. This

was never marked, The highest count was 14,000; the average
was between 10,000 and 11,000,

d. Twelve patients had an eosinophilia of 4 per cent or more.
The ecsinophiles reached 12 per cent in one instance.
The increase of these cells came during convalescence. The
stools were examinsd but no parasites or ova were found.

2.~ e offect of Tra r Hyperemia the Localization t

eruption. The localization of tle eruntion was certainly inf{luenced by
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trauma or hyperemia in three cases. One patient—ﬁad an almost conflu~
ent eruption bensatﬁ adhesive plaster anplied to the ankles %o relieve
the pain of a chronic arthritis. The patient had had a Schick test
recently and the eruptéon appeared earlier at the site of injection
and the vesicles were much larger and more nunerous than elsewhers.

In another patient the eruntion was most marked beneath the napkin which
gave evidence of not being changsd very frequently. In a third patient,
& boy who wore soft collzars with his necktie drawvm very tignt, there
was a narrow band of vesicles around his neck Just beneath the tile.
These observations seem to indicate clearly that the virus is dissemina-
ted through the blood stream and localizes especially where the skin

is irritated. Similar observations have been mentioned casually by a
few writers in regard to varicella and particularly in regard to measles
by Pirquet and in regard to variola by Schick and others. Attempts
were made to induce this localization after patisnts were admitted to
the hospital by irritating the skin in certain areas. It has been im-
possible, however, to induce this localization under these conditions.
It seems that the irritation pust be present before the rash makes its
appearance.

These facts may have some relationship to the occurrence of
herpes zoster and varicella in the same patient at the same time. They
may also have a bearing on the cases reported in ths literature in which
following attempts to vatéinate against varicella with fresh vesicle
lymph, vesicles have later appeared at the site of vaccination. In
the majority of these cases a mild general eruption appeared at the sams
time.

3.- Allerzv. No allergic response has been demonstrated in
patients recently recovered from varicella followinz the application of

fresh vesicle fluid to the scarified skin. Thls may inlicate that the
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virus is no% vary conceatrated in the vesisle flaid.

4.~ Stddy of tr2 skin lesicns. -

a. Vegsicle fluid. Vesicle fluid was coilacted from lesions at
different stages of dcvelopment and a cytological siudy was made in fresh
unstained specimens, in fresh specimens stained with differen’ vital dyes
ani fat stains, and in snecimens fixed and stained in rmany ways. There
are only a few cells in the fluld from young vesicles and these consist
nostly of swollen epithelial cells and only an occasional glant cell.
Only a few inclusions are seen at this time. Later {he cells become nore
nuwaerous and are of various kinds. Many are undergoing degeneration
characterized by fatty or 1lipoidal changes and coagulation necrosis.

Ths mitochondria exhibit a change in size, shape and location in many of
tha cells that show degeneration. At this time many so-c2liled inclusions
can be made cut. In addition to the cytoplasmic chanpes, there are also
profound alierations ir the nuclei.

b. Skin. Soall plecés of skin have been removed at various stages
in the development of macules, papules and vesicles, and have beeﬁ fixed,
stained, and studied in meny ways., The following facts are worth noting:

(1) There occurs a definite reaction around the small blood vessels
in the corium just beneath the epidermis. This is probably the earliest
lesion. | ‘ | ‘ B \

(2) There is a marked fatty or lipoiciai degeneration of the epi-
dermal cells as shown by sulan iii and osmic acid methods. Apparently no
one has gtressed this type of dégeneration of the cells in the diseases in
which 8o many cell inclusions are found, certainly not in varicella.

(3} ?here are changes in the mitochondria, as swelling, vesiculation
and clumping.

(4) There are cell ineclusions, which, after certain fixatives and




stains resemble vaszcine budies. Thesc are not 50 wierdus, however, as
in vaccinia. Some of the grarules e.n:i bodies scen ia degenarating cells
after treatment with certain fixatives and siains may be direcily related
to fatty or lipoidal changes or they may even reprasant altered mitochon-

dria.

C, Attempts to Trangmit Varicslila.

Most of the experimental waork with varicella has besn limited
to attempts to vaccinate normal children with fresh vesicle lymph. In
the majority of instances the results have been negative or, when posi-
tive, open to criticism because of improper controls. On all previous
atterpts to transmit the disease to animals the results rcay be considered
negative. In these experiments vssicle lymmh was employed and the skin
or eye of the animal used as the place of inoculation.

In undertaking the present attempts to transmit varicella to
animals we were guided by the following considerations.

It has seemed that the virus might be present in at least ons of
the following locations. It might be present in the vesicle lymph, in the
haso-pharyngeal secretions (especiany early in the disease) in the spinal
fluid, or 1n the bloodx Ex,'perlments were tharefore made with material from
all of these wuréeb aﬁd. monlceya and ra‘bbits were used Tor ths tests. Mgre-
over, 1% seemed certein that the site of injection of the infected material
would o of great; ;in@oftdxice. Théréfére the virus was inj‘ected into the
animals in various placés and in 'éarioué Qa;-s; The following are éome of
the procedures carried out:

1. Unfiltered nasopharyngeal washings were injected intratracheally
into monkeys. The skin over the abdomen was shaved shortly afterwards.
2. Vesiclse fluid was scratched into the eyes and the skine{ young

rabbits and young morkeys.




3. Vesicle fluid was injected irnin the brairns f young rabuits and
morkkeys and into the trachea of monke:rs.

4. Spinal fluid from a patient with v:r;éella was injected subara~
chnoidally and intravenously inte a morkey. Ths skin over the abdomen was
shaved and scarified.

5. Unfiltered nasal washings were injected into the trachea of
menkeys and blood was injected into the veine at the same time. The skin
over the abdomen was shaved and irritated.

6. Blocd from varicella patients was injected intracerebrally into
rabbits.

7. 10 cc. of uncitrated blood from varicella natients was injected
intravenously into rabdits. The skin was shaved and scarified in places
immediately after the injection.

In all of these experiments the results were negative or very
doubtful, It seemsd inadvisable, therefcre, to proceed further along these
lines.

Certain clinica'.i observations previously mentioned, however, gave
a ﬁ‘iuo which when followed up ﬁave yielded mors aﬁ'ccassful regults. It has
been stated that in Gertain patients the localization of the lesion has
strongly indicated that the virus 1s present in the blood in considerable
concentra;izion, at least le.érly‘in the disease. ﬁofeover, the extent of thév‘
eruption may bear no relation to the concentration of the virus in the blood.
On the ofher hand, all the exﬁeriments previously made suggzest that the vi-
ras may be in very small amounts in the vesicles.

Experiments with vaccinia have indicated that the testicles of
rabbits is an excellent place for propagating a foreign virus of this type.

In view of these considerations it was decided to make"at serious

attempt to transmit the vigus by injesding aonsiderable amounts of bleod




irectly from the pationts intc the tosticles ot rutbits and to persist
in the attempts to animclize the virus by repeated i;:nxsfer, even though
no lesions were evident on the first t.onsfer. Dlood waa therafore ob--
tained from a patient early in the disease and defore coasulation occurred
two cubic centimeters were injected into cach testicle of a rabbit. An
immediate reaction occurred and the swollinz mersisted and the testicles
bocame hard and fim. After 7ive days these tosticles were removed, ground
up i# salt solution and 0.5 cc. to 1.5 cc. of the ermlsion was injecied
into the teaticles of other rabbits. In further transfers inosulation

¢ the testicular materinl was made not only intc the testicles but oz

the scarified skin and scarified cornea of rabbi¢s. The results ware
quite strikin;. Lesions rmch resembling those of vaccinla were odi~lnsi
in a mmber of rabbiis, both in the skin and in *he eyo.

A considerable number of experiments similar to the adove have
now beon carricd out. !latcrial has boon obtoindd {rom fivy potiints and
positivo rosults havo now bazn obtained by this method with tho matsricl
from throo of the casss. It is avident tHat if the virus of varicella
has boon obtainod 1t closély roscmiblos that of vaccinia and variola.

Exporiments to study tho occurrencs of immnity and the relation
of this immmniiy to that of vaccinia arc now under way but dofinits cone
clusions cannot be drawn at ths presont time. It is indendod to continue
this study, to lsarn mors concerning the naturs of the virus and tho
charactoriatic lesions produccd. Many possible applications of this
now lmowledgo, sush as vaccination against the discasc in chlldren, aro,
of' courso, obvious. Tha possidility of application of a similar method
in the study of other infectioms disoases, such as alastrim and even

measles, suggasts itself.
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Oxygon Tacrapy in Pnoumoniz. (Reonost by Or. Binger.)

Ir. Binger and Dr. Srow.

The work on oxygon therapy in ynovmoria was intorrapted o the
unfortunato accident in which th> chamde: wos destroy>d. Dr. bingor svar.ed
~t oncc to plan o now chamber = the dlans for which ars now complote. Theo
chambor 18 to bo bullt of anglo iron with glass and shect iron sides. I
is to be locatod on tha 4&th floor of th: hospital in room £05, fomorly
usced for hydrotherapy oguipmcnt. A small 2 cubic/&%&cl of tho chamber
has bocn built and tastod and found sufficiently lcak tight. Thc now
chambor is to bo firo proof and as loak tight £s it can b made. This
should considerably rcduce the cost of operation. All wiring and othor
sources of onmergy will b kopt outside tho oxyzca rich atuospherc. This
has involved muacrous now problems and explainztac dolar in starting op-
crations. Tho chambarshould bo completed by spring.

Wo have been fortunate this y-ar in having vory fov cases of
p ncumonia with cyanosis -~ the ones in which oxygsn therapy appears to be
of so much bencfit. A fow cases hava beon {reatod by oxyzen insufflation
with a nasal catheter. This mcthod, while it aometimes gives good practical
" rosults, does not serve as a substitute for tho oxygen charmber and affords
ne opporturits for studying the optimum‘dosage of oxygon.

Exporiments have boen made with a boed tent constructed of rube
berized canvas such as used for the construstion of air-craft. This tent
is casily portablc and should prove to bz of usc in homze and in such
hospitals as ars unable to have charbers. The tent is not yot ready for
usec., The construction of it has been undertaken by thz Comnccticut Lir
Craft Company under the direction of Dr. Binger.

Acid=ltase Equilibriws in Pneunonia.

Closely related to the problem of disturbed respiratery function
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in pncumonia is thc guestion of the statc of tiie “locd and the presonce

of abacnsc of acidosis. Cortain invastigators (lezns st 2l) bolicve
thoy have demonct~cted the cxistcuee of acidosis in snaimaenia and hove
recormendad the routino uss of sodiua biearbonots for the purpose of
increasing the CO2 binding »>owor of tho blood. These worirers conssructed
COp absorpticn curves anl caleulatod ths pl ol thc blood by using an
assumod constant. Birger, Hastings snd Noill hava rccontly sublished

(Arch. of Int.led. Jan,1923,) an articls dsserioing ths untowwrd rosults

which may follow tho indiscriminao usc of sciiwa bicarbonato. Tha rar-
ticular caso was onc in which thc lddnoys could nct oxcrebe blcarbornats.
Thorc was rotontion of the salt and a concamifsrni nnd serious rebention
of wator resulting in cdama of the lungs, hydrotliorax and gonorulized
afasarca - with profound cycnosis ani rapid and srallow breatrning. Thas
caso was brought %o the hospital in this state. Investization of tae
arterial blood showed a prorounced alkalosis ond anoxemia. The pationt
was trcated in the oxygen chamber and bicarbonate administration was of
coursc stopped. There was almost iiracdiato recovery. The patient is now
well.

This pointed to the desirability of reinvestignting the cendition
of acidebzse b-lance in pnoumonin hy more direch mothods. Hastings and -
Neill, Morgon and Binger have studied the arterial bloed of a seriss of
cases of pncumonia - mzking dirsct observations of oxygen and Uy centent
and combining power and hydrogen ion concentration by both the eloctro-
metric and coloremetric methods. Yo oviderncs of ueidosis nnsg been foual.
Iung Volume Studics.

Method: (a) Tae method for stwudying lung volume in individiunls sufferirg
from shortness of breath has been doscrided and $he report will sacti;

appear in the Jourmal of Experimentz] lledicine.
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(b) The studies on patients with Leart discas> arc compleled arni
an article on this work has bacn submitted for publaication in tac Jeurral
of Experimental Medicine. In brief the findings ore as follovs: The
reduction in the vital capaicty of tl.c lungs obs:rvod in conditions of
heart failurc is gonorzlly assoclutod with a recduction in the total lung
capacity and in the 30-called mij-capacity 2as wz2ll. No svidence of o
physcma has beon found - a condition dcscribed in thoe foreign literatarc.
In the carly cnses whore reduction ol vital capncity 1s sligat there
is an {ncrcase in residunl air - often sufficicav Yo oxplain the dim-
intshed vital copacity. In tho cases of long st-nding with marzed covi-

denco of congestion in the pulnoncry circulatien thore is usanlly a ro-

duction in residual air as wecll. Tho cause and signifionee of oach

onc of thosc volumo chanros has been fully discussed and the relations

which they boar to the gcneral problem of dyspnea.

v e Studics Lobn nia.

bl nd Dr, 3

The intimate rclation whick appearcd to exist batween reduction
of lung volums and dyspnea indicated the desirability of studying this ,
condition in lobar prnoumonia where we kncw that a good doal of the air
content of the . lung moy bo i'aplaced by' solid materinl and waere the surface
through which;the {respiratofy gascs diffuso is discased. Ta study a con-
fiition. in which ‘th’o,_,. disoasoa,stato éradually disappoors and rcvcz;ts to -
normal seomed an admirable opportunity for loarning same oxact fucts about
the pathological physiology of respiration.

Now a study of respiration in the pneunonia paticent is an ox-
tremoly difficult affair as any obstruction or resistance immedictely
variss the typo of breathing. Furthermore, it was necessary to gob

graphic curves of respirations while the patient was broathing atmospharic
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alr. 3y mecdifying 2 large 20 Liter Tissot Spiromctcer and providing for
contimious reroval of 002 and supply of O2 at the rate »f consumption,

it was possidble to scsurc such iracings. Tais made it feasible to meos-
urz the volumo of air in the lungs ot ony given pnase of respiration.
Becauso of the rclative constancy of the cxpiratory position as compared
to the inspiratory - lung volum»s have beoen mcasured at this position i.c.
the volume of air romaining in the lungs at the end of a quict expirmtory
cxcursion is being studied. Thoro appears to be a definite relation bet-
ween this valuc and the typc of breathing and perhaps - though this is

not yct certain - to the appearance of cnoxemio and cycnosis. Thesc

- ‘ .

studics are boing nnde throughout the course of the discisc and the changes

during resolution ond convalescence arc being noted. The work is not
yet sufficiently advanced to permit of gonoralizations.

A serics of normmal individunls arc being studied as well. The
mothod has new baon perfected to a vory satisfactory degroc of accuracy.

Doviations of 100 cc. in 2 liters are maximal - representing o maximum

orror of 5%5. The samo rolations appocr, to obtain in normals i.0. the depth

and rate of pulmomary wvontilation seems in some way related to tho voiﬁme
of air 4n tho lung at'thg end o% norma) expiration - whiéh, of course, is
a functibn of the surface arca of respiratory cpiéhelium.

An effort is boing made to correlate the size of the resting
cxpiratory lung volums with some other physical measurement such as sur-
face area (from the Dulois Hoight, Welght formula) or chest moecsurement -

in order to bs able to prodict what a lung volume should b2 for any glven

individunl,

Roport of the Pathologist. (Dr. Jdranch)

The routine pathological work has included 9 autopsies, the

Y
LN




15}
reorgenization of the Musecura and the yunning of a pathological laboratory

os a unit including the training of o technician. One of the autopsies,
a casc of subacute bncierial endocarditis duc to a hemolytic hemophylic
bncillus, hos been written up for publication with Dr. iMiller.

Apart from the xbove work the chicf iuterest has centerced around
the carly pathological lcesions of pnouicccccus prswronia,

In ordor to obtain cem> insizht into tho cellular reactions pro-
duced by this organiom under verying conditions, & mumber of guinca pigs
were first used.  Subcutancous injcction vas employed on the assusmption
that pneumonic is 2 collulitis. DBy this mcthod nlso dosage can be accurs-
tely mecasurced, time perjods roadily taken into account, :nd the skin exsily
removed at differont intcrvals for histologlcal cxamin~tion and impression
smears. The difference of reaction in intonsity per time period in dmrmuno
and older animals could be roadily comparcd with stociz and young =nimnls.

ith this background wo have prococded to study tho early hise-
tological lesfons in the lung. Matcrial usod herc vas odiained from nmice
sprayed by Dr, Stillman 4n his work including those sprayed with pneumo-
cocci, alcohol and pneumococci, influenzz dacillus and pneumococei, ete.
Further miterial was also obtained from Drs. Avory and Morgan in their work
on intra-tracheal injection of rabbits with nasopharyngeal washings and
suspensions of infected crushed rabbit lungs. Thie study is still in

progress.




